Abstract The aim of the present study was to evaluate the glycemic control, antioxidant, pancreas and liver protective effect of 2β-hydroxybetulinic acid 3β-caprylate (HBAC) from Euryale ferox Salisb. seeds on streptozotocin induced diabetic rats. The active principle was isolated from Euryale ferox Salisb. seeds extract by utilizing chromatographic techniques. The rats were divided into seven experimental groups:
Introduction
Diabetes mellitus is a serious chronic disorder which results from a heterogeneous group of metabolic disorders characterized by impaired carbohydrate, fat and protein metabolism evolving from interaction of variety of genetic and environmental factors. It has significant impact on the health, quality of life and life expectancy of patients, as
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well as on the economies of the health care system (Lucy et al. 2002) . It is predicted that the patients of diabetes mellitus will double in the interlude between 2000 and 2030 (Wild et al. 2004) . Reactive oxygen species (ROS), generated either by complex pro-inflammatory environment of an autoimmune infiltrate or by free radical producing toxin like streptozotocin (STZ) (Kumar et al. 2013a, b) . Furthermore, in diabetic patients, oxygen free radicals are generated in excess and may play an imperative role in most of the diabetic complications such as diabetic nephropathy, neuropathy and retinopathy (Wolff 1993; Gillery et al. 1989) . Some of the important research findings also indicate that patients with diabetes mellitus are susceptible to increased levels of oxidative stress. Poor metabolic control may facilitate an increase of superoxide anions (O2•-) in diabetic serum (Ceriello et al. 1991) . Other potential mechanisms relating to enhanced oxidative stress in diabetes point to compromised antioxidant defenses, glucose autoxidation, formation of advanced glycated end products, and a change in the glutathione redox status (Giugliano et al. 1996) . Therefore, strategies designed to target oxidative stress may exercise therapeutic effects on the progression of diabetes and its related complications.
The potential of antioxidants to attenuate oxidative stress and help in prevention of many diseases has attracted the attention of many researchers to identify potential antioxidants. Many medicinal plants are considered to have great antioxidant potential. Euryale ferox Salisb., a large floatingleaf aquatic plant, is the only species in the genera Euryale of the family Nymphaeaceae and it is distributed in India, Korea, Japan, Southeast Asia and China (Li et al. 2007) . Makhana is a delicacy of Darbhanga region of Bihar (India) which is relished as dry fruit all over the country. It is a hydrophytic plant which grows in old ponds with a minimum of 1 m of standing water (Dutta et al. 1986 ).
Seeds of Euryale ferox Salisb. has been used for the treatment of various respiratory, circulatory, digestive, excretory and reproductive systems. The whole plant is considered to have tonic, astringent and non-obstructing properties (Dragendroff et al. 1989) . The seeds of Euryale ferox Salisb. was found to enhance the level of hormones (Stuart 1911; Liu 1952; Crevost and Petelot 1929; Roi 1955) .
Seeds were also discovered to be effective as expectorant and emetic (Nadkarni 1976) . Cardiac stimulant and improvement in circulatory system has been researched (Sharma 2005) . Puri et al. reported it to be a good immunostimulant (Puri et al. 2000) .
Antioxidant property of Euryale ferox salisb. seeds extract has also been reported (Lee et al. 2002) . Some of the important compounds were also isolated from Euryale Ferox Salisb. Seeds which are proved to be antioxidant in nature which may be associated with its medical applications as proteinuria inhibitor or diabetic nephropathy (Chang et al. 2011 ). The present study aims at isolating putative active principle responsible for antidiabetic, antioxidant, antihyperlipidemic and pancreas and hepatoprotective activity.
Materials and methods

General experimental procedure
Melting point was recorded on melting point apparatus, Veego, Model No. MPI. NMR spectra were collected on Bruker Advance II 100 NMR spectrophotometer in DMSO utilizing TMS as internal standard. Mass spectra were recorded on VG-AUTOSPEC spectrometer. UV spectra were determined on Shimadzu double-beam 210A spectrometer. FT-IR (in 2.0 cm-1, flat, smooth, Abex) were determined on Perkin Elmer-Spectrum RX-I spectrophotometer.
Chemicals and reagents
Streptozotocin was purchased from Sigma Aldrich (MO, USA). Glucose estimation kit, Cholesterol kit, Triglyceride kits were obtained from Span Diagnostics (Surat, India). Silica gel for column chromatography was purchased from Nicholas, India. Glibenclamide was a generous gift from Ranbaxy, Gurgaon, India. All the reagents used for experimental procedure and chromatographic isolation were of analytical grade.
Plant material
Seeds of Euryale ferox Salisb. were collected in Allahabad district (India) in March-April 2014. The seeds were botanically identified by a botanist at Department of Pharmaceutical Sciences, Faculty of Health Sciences, SHIATS-Deemed University, Allahabad, India, where the specimen voucher was deposited (Voucher number: 11098/BOT/DOP/FHS/2014)
Extraction and isolation
The sun dried and ground seed powders of Euryale ferox salisb. (2 kgs) were extracted according to lee et al. (Lee et al. 2002) . Powders of seeds were extracted at 80°C in 70 % methanol for 3 h. Filtration of the extract was done which is further concentrated with the help of rotary evaporator (Buchi, India) under low pressure. The resultant residue was freeze dried at −80°C. Now the total extracts were extracted with n-hexane, dichloromethane, ethyl acetate and n-butanol, in a stepwise manner utilizing separating funnels. The ethyl-acetate soluble extract (27 g) was applied to a silica gel column chromatography and eluted with increasing amounts of methanol to furnish the fraction containing compound 2β-hydroxybetulinic acid 3β-caprylate . The fractions of the Euryale ferox salisb. were collected by removing the solvents with rotary evaporator.
2β-hydroxybetulinic acid 3β-caprylate 2β-hydroxybetulinic acid 3β-caprylate was obtained as yellow amorphous powder.
[α] 20 -3°. IR max (KBr): 3466, 3281, 2924 (KBr): 3466, 3281, , 2851 (KBr): 3466, 3281, , 1721 (KBr): 3466, 3281, , 1686 (KBr): 3466, 3281, , 1635 (KBr): 3466, 3281, , 1462 (KBr): 3466, 3281, , 1376 (KBr): 3466, 3281, , 1236 (KBr): 3466, 3281, , 1193 (KBr): 3466, 3281, , 1107 (KBr): 3466, 3281, , 1033 On the basis mass and 13 C NMR spectra, the molecular ion peak of isolated compound 2β-hydroxybetulinic acid 3β-caprylate was determined at 598 corresponding to the molecular formula of triterpenoic ester C 38 H 62 O 5 . Elimination of the ion peaks from the molecular ion peak generation the ion fragments at 127, [C) (CH2)6 CH3]+, 471 (Ḿ-127]+and 455 [M-OCO(CH2)6CH3]+indicating that n-caprylic acid was esterified with a triterpenol.
The presence of 1H NMR signals for vinylic methylene H2-29 and methyl C-29 prrotons and 13 C NMR signals for vinylic and methine carbons were in the same position supporting lupene type triterpenic skeleton of the molecule. A one proton doublet at δ-4.22 (J=5,2 Hz), a one proton triplet doublet at δ-3.72 (J=4.6, 8.9, 5.2 Hz) and a two proton triplet at δ-2.26 (J=6.8 Hz) in the 1 HNMR spectrum were signed to α-oriented oxygenated methine H-2 carbinol H-3 and oxygenated methylene H 2 -2′ proton respectively. Six broad signelts at δ-1.64, 1.23, 0.93, 0.86, 0.77 and 0.65 and a triplet at δ-0.84 (J = 6.5 Hz) all integrating for three proton each were ascribed correspondingly to tertiary C-23, C-24, C-25, C-26, C-27 and C-30 and primary C-10′ methyl proton. The remaining methine and methylene proton appeared between δ-2.96-1.30. The 13 C NMR spectrum of 2β-hydroxybetulinic acid 3β-caprylate displayed signals for ester carbon at δ-174.26 (C-1′), carboxylic carbon at δ-177.20 (C-28), oxygenated methine at δ-76.73 (C-3) and 69.12 (C-2), vinylic carbon at δ-150.27 (C-20) and 109.61 (C-29) and methyl carbon in the range of 29.05-14.33. The 1 H and 13 C NMR spectral data of the triterpenic nucleus were comparable with the reported values of lupene type triterpenoids (Ahmed et al. 2012; Ali 2001) . On the basis of the above mentioned evidences the structure of isolated compound has been formulated as lup-20 (29)-en-2β-ol-3β-octanoate-28-oic acid. This is a new triterpenic ester (Fig. 1) .
Animals
All animals used in this experimentation received humane care in compliance with the principles of animal care 
Histological changes
Isolated pancreas and hepatic tissues fixed in 10 % neutral-buffered formalin which is dehydrated by conveying though a graded series of alcohol, and entrenched in paraffin blocks and 4 μm sections were prepared using a semi-automated rotary machine (model RM2245, Leica Microsystems, Wetzlar, Germany). The sections were then stained in hematoxylin and eosin (HE). Histological changes in the pancreas and liver were observed to corroborate the potential of HBAC against diabetic complications. The scrutinized changes are depicted in Figs. 1, 2, and 3. The photomicrographs of each tissue section were observed using imaging software for laboratory microscopy (Model No. DXIT 1200, Nikon, Japan)
Pancreas Normal control wistar rats showed typical histological structure of pancreas with normal sized islets (Fig. 2) . Histological structure of pancreas of STZ-induced diabetic rats clearly revealed shrinkage in size, reduction in number of islets and destruction of β-cells ).
Liver The histopathological state of normal rats revealed the usual histological structure of liver (Fig. 3 ). The control rats had a normal hepatic architecture with normal hepatocytes morphology and orderly arranged hepatic portal triads. Abundant cytoplasm, round cell nucleus and clear borders. Administration of STZ led to several pathological changes such as focal necrosis, congestion in central vein and infiltration of lymphocytes.
Kidney Normal histopathological structure of kidney showed normal tubules along with abundant cytoplasm. Glomeruli of the normal rats' kidney depicted normal layer of podocytes. STZ induced diabetic rats showed distorted tubules along with less cytoplasm when compared to the normal rats (Fig. 4 ).
Statistical analysis
Data was put across as the mean±SEM. For statistical analysis of the data, group means were compared by one-way analysis of variance (ANOVA) followed by Dunnett's 't' test, which was used to identify difference between groups. P value <0.05 was considered as significant.
Experimental design
The male albino wistar rats were divided into following experimental groups:
Group 1-normal control; Group 2-normal+HBAC (60 mg/kg p.o.) and continue for 45 days. Drugs were administered to all the rats with oral catheter every morning. At the end of the research exertion, all the animals were faster overnight with free access to water. Rats were divided into above mentioned seven groups and continued the experiment for 45 days because the 45 days were the threshold in our research exertion.
Results
To evaluate the effect of HBAC on STZ induced diabetes mellitus rats, several biochemical estimations were performed in all groups of experimentally induced diabetic rats for the estimation of plasma glucose, plasma insulin, Homeostasis Model Assessment Of Insulin Resistance (HOMA-IR), serum cholesterol, serum triglycerides, glycated heamoglobin (A1c), hepatic hexokinase, hepatic glucose-6-phosphate dehydrogenase, hepatic fructose-1-6-biphosphatase, Superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and melonaldehyde (MDA).
Effect of HBAC on glycemic control
As it is evident from the Table 2 that the mean blood glucose level in wistar rats fed on normal diet (normal control group 1) was stable throughout the experiment. In contrast, the blood glucose level in STZ induced diabetic rats (group 3) was increased to a significant level (p<0.001) as compared to the normal group. Consequently, the blood glucose level of HBAC administered rats (group 2, HBAC=60 mg/kg) was steady throughout the experimental study i.e. 45 days. This means that the maximum dose of isolated compound HBAC does not produce any hypoglycemia. Furthermore, the increasing dose of isolated compound HBAC was administered to STZ induced diabetic group rats for 45 days. It was observed that the lowering in blood glucose level in drug treated group received HBAC=60 mg/kg p.o (group 6) was maximum when compared to the diabetic control group (group 3), the group received isolated compound HBAC in doses 20 mg/kg p.o. (group 4), 40 mg/kg p.o (group 5) and group received conventional drug Glibenclamide (group 7).
Effect of HBAC on glycosylated heamoglobin (A1c)
When STZ induced diabetic rats were treated with isolated compound HBAC in increasing doses for 45 days, there was a significant (p<0.01) lowering in glycosylated heamoglobin in the group that received HBAC with dose of 60 mg/kg p.o (group 6) as compared to the diabetic control group (group 3) and group 4, group 5 and the group received Glibenclamide (group 7). A1c level was found to be constant in non-diabetic rats received HBAC (60 mg/kg p.o.) ( Table 2) .
Effect of HBAC on homeostasis model assessment of insulin resistance (HOMA-IR)
Rats received HBAC in 40 and 60 mg/kg p.o. (group 5 and group 6) showed more control on insulin resistance as compared to the diabetic control group (group 3) and other groups receiving different concentration of HBAC i.e. group 4 and normal control group (group 2) ( Table 2) . Following formula was used to calculate HOMA-IR (Patil et al. 2014 ):
HOMA IR ¼ Fasting plasma glucose mg=dL ð ÞÂfasting plasma insulin μIU=ml ð Þ =2430Þ ½ Fig. 1 Structure of 2β-hydroxybetulinic acid 3β-caprylate Effect of HBAC on level of plasma insulin It is apparent from the Table 3 that the plasma insulin levels of untreated diabetic rats were considerably lower than those in normal rats. The administration of HBAC in increasing concentration resultant in significant increase in the level of plasma insulin in STZ induced diabetic rats. The maximum enhancement in the plasma insulin level was observed in HBAC treated rats received a dose of 60 mg/kg p.o for 45 days as compared to the other group received HBAC with doses of 20 and 40 mg/kg p.o (group 4 and group 5) and insulin secratogauge Glibenclamide (group 7). The level of plasma insulin was remaining constant in group 2 i.e. in normal control group rats.
Effect of HBAC on hepatic glucose-6-phosphate dehydrogenase, glucose-6-phosphatase and fructose-1-6-biphosphatase Table 4 clearly represents the activities of gluconeogenic enzymes i.e. glucose-6-phosphate dehydrogenase, glucose-6-phosphatase and fructose-1-6-biphosphatase in normal control and experimental rats. The levels of glucose-6-phosphatase and fructose-1-6-biphosphatase were significantly (p<0.01) increased in liver of STZ induced diabetic rats. On contrast, the activity of glucose-6-phosphate dehydrogenase was significantly reduced in diabetic control rats. Oral therapy with HBAC reinstated the increased level of glucose-6-phosphatase and fructose-1-6-biphosphatase while it significantly enhances the level of glucose-6-phosphate dehydrogenase. The maximum effect to reinstate the level of these gluconeogenic enzymes (p<0.01) has been seen with the dose of 60 mg/kg.p.o of HBAC as compared to other doses of HBAC.
Effect of HBAC on level of hepatic hexokinase (units/min/mg of protein) STZ induced diabetic rats showed a prominent decrease in the level of hexokinase. Diabetic rats, when administered with HBAC with increasing doses (HBAC=20, 40 60 mg/kg p.o.) depicted a marked (p<0.01) increase in the level of hexokinase. Maximum enhancement in the level of hexokinase has been observed at the dose of 60 mg/kg p.o of HBAC as compared to the other groups administered (group 4, group 5) with HBAC and Glibenclamide (group 7) ( Table 4) .
Effect of HBAC on levels of serum total cholesterol (mg/dL) As shown in Table 5 that when STZ treated diabetic rats were treated with isolated compound HBAC in increasing doses, there was a significant (p<0.01) lowering in serum total cholesterol level as compared to diabetic control group (group 3) and conventional drug Glimepiride treated diabetic rats (group 7). The maximum decrease in the serum total cholesterol level were observed in the group received HBAC with 60 mg/kg p.o. (group 6) when compared to the other groups Effect of HBAC on levels of serum HDL cholesterol (mg/dL) It is apparent from Table 5 that when STZ induced diabetic rats were treated with isolated compound HBAC, the level of serum HDL cholesterol was increased to a significant extent (p<0.01) when compared to the diabetic control rats (group 3) and Glimepiride treated diabetic rats (group 7). The value of serum HDL cholesterol was enhanced to greatest extent in HBAC=60 mg/kg p.o treated diabetic rats (group 6).
Effect of HBAC on levels of serum LDL cholesterol (mg/dL)
The level of serum LDL cholesterol was measured in all the groups. As it is lucid from the Table 5 that level of serum LDL cholesterol was increased to maximum STZ treated diabetic rats (Diabetic control group, group 3). When treated with isolated compound HBAC, the level of serum LDL cholesterol was reduced to an utmost in STZ induced diabetic rats treated with HBAC with dose of 60 mg/kg p.o. (group 6) as compared to other groups administered with the HBAC in lower concentration and STZ induced diabetic rats treated with Glimepiride.
Effect of HBAC on levels of serum VLDL cholesterol (mg/dL) STZ induced diabetic rats demonstrated a marked increase in the level of serum VLDL cholesterol. Administration of HBAC to STZ induced diabetic rats showed a decrease in the level of serum VLDL cholesterol. Most significant reduction in the level of serum VLDL cholesterol was observed in group 6 (HBAC=60 mg/kg p.o.) as compared to the other groups received HBAC (group 4 & group 5) and the group administered with Glimepiride (group 7) ( Table 5) . Effect of HBAC on serum triglycerides levels (mg/dL) As it is evident from the Table 5 that STZ induced diabetic rats showed a discernible increase in the serum triglyceride level. The groups treated with isolated compound HBAC showed reduction in the level of triglycerides. The level of serum triglycerides was reduced to significant level (p<0.01) in the rats administered with isolated compound HBAC with dose of 60 mg/kg. p.o. (group when compared to other groups received HBAC (group 4, group 5) and STZ induced diabetic rats administered with Glimepiride (group 7).
Effect of HBAC on Malonaldihyde (MDA) level and superoxide dismutase (SOD) activity
It is apparent from the Table 6 that MDA level has significantly increased (p<0.01) whereas the SOD activity has significantly decreased (p<0.01) in STZ induced diabetic rats compared to normal control rats. HBAC with dose of 60 mg/kg.p.o has significantly (p<0.01) increased the level of SOD while the level of MDA was significantly (p<0.01) decreased.
Effect of HBAC on catalase (CAT)
To determine the effect of different doses of HBAC on antioxidant enzyme defenses in diabetes, the activities of CAT in the liver were measured after treatment of diabetic rats with different doses of HBAC. As anticipated, the activities of this antioxidant enzymes were significantly (p<0.01) decreased in untreated diabetic rats. The 60 mg/kg p.o HBAC treatment of diabetic rats significantly (p<0.01) induced and increase in CAT activities in liver to the highest level of all the other doses of HBAC (Table 6 ).
Discussion
Various medicinal uses of Euryale ferox salisb. (Makhana) are recommended in Indian and Chinese systems of medicine. Euryale ferox Salisb. It has been used traditionally for the treatment of respiratory, circulatory, digestive, excretory and reproductive systems. As some of the previous important researches have shown the beneficial effect of seeds of E. ferox Salisb. in diabetic nephropathy (Chang et al. 2011) . We evaluated the antidiabetic and antioxidant properties of The data are expressed as mean±SEM (n=number of animals in each group=5). The comparisons were made by one way ANOVA followed by Dunnett's test
Ns non-significant, STZ streptozotocin *p<0.05 is considered as significant when compared to the control group (0 h) **p<0.001 is considered as very significant when compared to the control group (0 h) ***p<0.001 is considered as extremely significant when compared to the control group (0 h) * compared to normal control a compared to diabetic control the isolated compound of E. ferox salisb. seeds. One of the important causes of STZ induced diabetes is the formation of reactive oxygen species (ROS). The action of ROS with a simultaneous massive increase in cytosolic calcium concentration causes rapid destruction of β-cells (Szkudelski 2001) . ROS are superfluous metabolic products of normal aerobic metabolism under high levels of oxygen pressure. An increased level of ROS produces oxidative stress, which directs the formation of various biochemical and physiological lesions (Finkel and Holbrook 2000) . Metabolic function was impaired by the formation of these ROS. Cells are protected from the damage induced by ROS by various ROSscavenging enzymes, various chemicals and some important natural products. Recently, the interest has been amplified in the therapeutic potential of natural medicinal plants as antioxidants in minimizing the free radical induced injury such as diabetes mellitus. Therapeutic effect of seeds of E. ferox salisb. seeds were examined by previous researches. The antioxidant activity of E. ferox salisb. seeds were examined by Wu et al. and Lee et al. Their studies clearly depicted the beneficial effect of E. ferox salisb. seeds as antioxidants. The levels of antioxidants enzymes were clearly improved to a significant extent when administered with E. ferox salisb. extracts (Chang et al. 2011; Lee et al. 2002) . For this reason we have decided to isolate the compounds responsible for the antioxidant, antidiabetic, pancreas and hepatoprotective activity of E. ferox salisb. seeds, a natural medicinal plant, the extracts of which have been previous reported to have antioxidant activity. (Lee et al. 2002; Wu et al. 2013) Type-2 diabetes mellitus is a complex, heterogeneous and polygenic disease. STZ induced diabetes has been described as a useful experimental tool for the screening of various hypoglycemic agents. The mechanism by which STZ exerts its diabetogenic effects on rats incorporate the selective destruction of β-cells of pancreas by reactive oxygen species (ROS) which makes the β-cells less active which then leads to the poor insulin sensitivity and less glucose uptake by the tissues resulting in hyperglycemia (Burns and Gold 2007) . Upon administration of low dose of STZ (60 mg/kg i.p) some of the pancreatic β-cells have been destroyed results in decreased secretion of insulin from pancreatic β-cells.
As a result of increased glycation of the protein, diabetic complications emerge out. Various proteins, including The data are expressed as mean±SEM (n=number of animals in each group=5). The comparisons were made by one way ANOVA followed by Dunnett's test.
ns non-significant, STZ Streptozotocin *p<0.05 is considered as significant when compared to the control group (0 h). **p<0.001 is considered as very significant when compared to the control group (0 h). ***p<0.001 is considered as extremely significant when compared to the control group (0 h). The data are expressed as mean±SEM (n=number of animals in each group=5). The comparisons were made by one way ANOVA followed by Dunnett's test ns non-significant, STZ streptozotocin *p<0.05 is considered as significant when compared to the control group (0 h) **p<0.001 is considered as very significant when compared to the control group (0 h) ***p<0.001 is considered as extremely significant when compared to the control group (0 h) *Compared to normal control a Compared to diabetic control The data are expressed as mean±SEM (n=number of animals in each group=5). The comparisons were made by one way ANOVA followed by Dunnett's test ns non-significant, STZ streptozotocin *p<0.05 is considered as significant when compared to the control group (0 h) **p<0.001 is considered as very significant when compared to the control group (0 h) ***p<0.001 is considered as extremely significant when compared to the control group (0 h) *Compared to normal control a Compared to diabetic control heamoglobin have been increased to a greater extent in diabetes. The non-enzymatic, irreversible binding of glucose with heamoglobin in the circulatory system results in the formation of A1c, which is an important tool predicting the potential risk in diabetic patients (Edelman et al. 2004) . About 16 % increase of A1c in patients with diabetes mellitus is directly proportional to the fasting blood glucose level. In case of diabetes surplus glucose in the blood binds with heamoglobin (Hb), consequently Hb level was decreased in diabetic rats. A marked (p<0.01) increase in the level of A1c in diabetic rats when compared to normal control rats. Therapy of diabetic rats with different doses of HBAC prevents a significant amplification of level of A1c. As a result the level of Hb was elevated in rats of all the groups treated with HBAC. It can be concluded that this decrease in the level of A1c may be due to the decreased glycosylation of Hb. Liver is the primary site of endogenous glucose production. Decreased glycolysis, impeded glycogenesis and increased gluconeogenesis are some of the changes in glucose metabolism in the liver of diabetic rats (Baquer et al. 1998 ). An unremitting reduction in hyperglycemia will minimize the risk of developing micro-vascular disease and reduce their complications (Kim et al. 2006 ) (Ahmed et al. 2012) .
*Compared to normal control a Compared to diabetic control
The activity of glucose-6-phosphate dehydrogenase which is the first regulatory enzyme of pentose phosphate pathway was found to be diminished in diabetic control rats. The diminished activity of this enzyme in diabetic state, which could results in decreased function of Hexose Monophosphate Shunt (HMP), and consequently decreasing the production of reducing equivalents such as NADH and NADPH, which are required for activity of glutathione reductase thereby affecting the GSH content in tissues (Neelamegam and Natarajan 2014) . Furthermore, the decreased activity of NADPH renders the cells more susceptible for oxidative damage. In our research exertion, upon administration of HBAC for 45 days to diabetic control rats significantly (p<0.01) increased the activity of glucose-6-phosphate dehydrogenase. It can be concluded that HBAC may provide hydrogen, which binds to NADP + to produce NADPH and promote the synthesis of fats from carbohydrates thereby reducing the plasma glucose to a significant extent.
Glucose-6-phosphatase and fructose-1-6-biphosphatae are the two important gluconeogenic enzymes that play a major and critical role in the homeostasis of glucose metabolism. The activity of these two enzymes was increased to a great extent in liver of diabetic rats when compared to the normal rats, which enhances the level of blood glucose and ultimately leads to filtration incapability and results in kidney damage (Ahmed et al. 2013) . Treatment of diabetic rats with HBAC for 45 days results in the reduction of activity of these two enzymes which ultimately ends up with decreased concentration of glucose in the blood that could therefore reduced the damage to the kidneys. In agreement with the previous findings herein significantly reduced the level of fasting plasma insulin were observed in untreated diabetic rats when compared to the normal rats. From the results obtained it is apparent to note that HBAC produced antihyperglycemic effects in STZ induced diabetic rats as well as the level of fasting plasma insulin level was increased to a significant (p<0.01) extent. The mechanism of reinstating the decreased level of insulin by conventional drug Glibenclamide is by enhancing the insulin secretion from pancreatic β-cells (Grover et al. 2000) . The promising mechanism by which HBAC mediated its antidiabetic effect could be potentiation of pancreatic secretion of insulin by pancreatic β-cells as it is apparent from the data which shows significant increase of insulin secretion in HBAC treated diabetic rats. The insulin secretory action of HBAC is comparable to Glibenclamide as it may be suggested that mechanism of action of HBAC may be similar to Glibenclamide action. In addition to improvising and maintaining glycemic control, HBAC reduces β-cell stress, improve insulin resistance. There was significant restoration of HOMA-IR in HBAC treated diabetic rats compared to diabetic control suggesting HBAC exhibited significant insulin sensitization activity as well as improvement in the glucose homeostasis probably due to normalized β-cell function. In one of the previous research work indicating similar insulin sensitizing effect in HBAC treated STZ-induced diabetic rats (Gopalsamy et al. 2014) .
Hypertriglyceridemia and hypercholesterolemia are coupled with aberration of levels of lipoprotein in the blood. Administration of STZ to the wistar rats raised the levels of VLDL and LDL in the blood while it declined the level of HDL (Gylling et al. 2004 ) (Kumar et al. 2013a, b) . As it is evident from the Table 4 the level of serum triglycerides in the STZ-treated rats were markedly elevated when compared to the normal rats and the total cholesterol level were also decreased. However, the levels of HDL cholesterol were significantly increased by when compared to the STZ-induced diabetic rats. The levels of triglyceride, total cholesterol, VLDL and LDL were decreased and HDL level was increased by oral administration of HBAC (20, 40 and 60 mg/kg) in a dose dependent manner. These results imply that HBAC can prevent diabetic pathological conditions induced by hyperglycemia and hyperlipidemia in diabetes.
Various significant antioxidant enzymes like MDA, SOD, CAT and GPx serves as the primary line of defense against the free radicals in our body. The determination of MDA levels was used as marker of lipid oxidation. The increase in level of MDA in the liver of STZ-induced diabetic rats suggesting an increase in the free radical mediated damage to the cell membrane (Qujeq et al. 2005) . The enzyme superoxide dismutase (SOD) functions as a part of major defense system which protects the cell damage from oxygen toxicity. The role of superoxide dismutase was shown in a number of human diseases to protect against oxidative damage. Therapy with recombinant copper zinc superoxide dismutase has shown clinical improvement of Crohn's disease (Emerit et al. 1991) . Another important function of SOD has been seen burned patients in which SOD may prevent the lipid peroxidation (Thomson et al. 1990 ). Generation of excess reactive oxygen species during pathophysiological conditions can devastate the antioxidant defense line up and damage the cellular ingredients. The physiological role of SOD is to catalyze the dismutation of highly reactive superoxide anion to oxygen and to the less reactive species H 2 O 2 (Fridovich 1972) . GPx maintains the redox status by working together with glutathione which results in the decomposition of H 2 O 2 and other hydroperoxides to non-toxic entities (Ketterer 1986 ). Antioxidant defense and oxidative stress are the resultants of glyocosylation and other five pathways that accounts for ROS generation in STZ-induced diabetic rats (Robertson 2004 ). In conjunction with other studies (Kumar and Menon 1992; Majithiya and Balaraman 2005; Kumar et al. 2014) . We too found a significant decrease in the activities of the antioxidant enzymes, SOD, CAT and GPx while the activity of MDA was found to be increased to a significant level. This diminution in the activity of these antioxidant enzymes may be due to the glycation of these proteins as a consequence of persistent hyperglycemia (Fuliang et al. 2005) . Administration of HBAC reinstated the activities of these antioxidant enzymes near to normal.
The histopathological study clearly revealed that in STZinduced diabetic rats, endocrine region of pancreas showed the presence of shrinkage, necrosis and damaged β-cells. The STZ-induced diabetic animals which were treated with HBAC confirm the increased number of islets, smaller degree of shrinkage and necrosis of pancreas. Therefore, the possible mechanism by which the HBAC brings its hypoglycemic action may be due to increased insulin secretion from the remnant or may be regenerated pancreatic β-cells. The Glibenclamide treatment did not have any effect on STZinduced pathological alterations in liver. However, therapy with HBAC significantly assuages these histopathological changes in the liver. After treatment with HBAC for 45 days, normal hepatic architecture was restored.
It is illustrious that ROS formed by free radicals led to the oxidative stress which plays an imperative role in the development of diabetic complications. ROS proved to be a link between the increased level of glucose and metabolic abnormalities important in the development of diabetes mellitus complications. In present research exertion, reduction in antioxidant enzymes SOD, CAT and GPx in STZ-induced diabetic rats further confirmed that there is a connection between oxidative stress and diabetic complications. Multi-targeted approaches, such as those discussed in the present research exertion, multiply the number of pharmacologically pertinent target by initiating a set of indirect, network dependent cascade with fewer side effects as well as toxicity. HBAC is beneficial in controlling diabetes, abnormalities in the lipid profiles and oxidative stress by commencement of enzymatic and non-enzymatic antioxidants in STZ-induced diabetic rats and therefore epitomize and approach with impending therapeutic value and unprejudiced conclusion.
Conclusion
In conclusion the present research exertion evidently demonstrates that HBAC is an effectual antidiabetic agent with multiple restorative effects arbitrated by preventing the β-cell destruction, restoring histological architecture of pancreas and liver and refurbishing the endogenous antioxidant enzymes in the liver. Therefore, there is a prospective for development of functional foods with HBAC as in ingredient in the treatment of diabetes and mitigation of its complications.
